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INTRODUCTION 
The w o r k  on t h i s  p r o j e c t  d u r i n g  t h e  r e p o r t  p e r i o d  c a n  b e  
d i v i d e d  i n t o  t w o  t h r u s t  areas a c c o r d i n g  t o  materials:  
LiYl-xYb,F4:RE and  LiNb03:Mg,Cr,RE. The f o l l o w i n g  two s e c t i o n s  
summar izes  t h e  c r y s t a l  g rowth  and  r p e c t r o s c o p y  w o r k  p e r f o r m e d  on  
t h e s e  rnatcrials. C r y s t a l s  gr-o\:n cinder t h e  z p o n z o r s h i p  of t h i s  
c o n t r a c t  were s e n t  t o  N A S A  Lnng1c.y Ruse~.t-ch C e n t e r  a5 t h e y  were 
produccd .  
The key  p e r s o n n e l  i n v o l v e d  i n  t h e  p r o j e c t  d u r i n g  t h i s  t i m e  
p e r i o d  were: 
SeecLrozcwr C r  y s  t a 1 G t- 0 r . r  t h 
P r o f .  J.J. M a r t i n ,  P . I .  F ro f  . R.C. P o w e l l ,  P. I .  
C. Hunt ,  t e c h n i c i a n  M.L. K l i e w c r ,  G.R.A.  
A -  Doddson, G.R.A.  
The major travel c x p m s e  wc15 f o r  o n e  of t h e  p r i n c i p a l  
i n v e s t i g a t o r s  t o  a t t e n d  t h e  T u n a b l e  S o l i d  S ta te  Laser C o n f e r e n c e .  
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mater ia l  w h e r e .  a 3+ v a l e n c e  l a s e r  a c t i v e  d o p a n t  i s  d e s i r e d .  F o r  
a near i n f r a r e d  l aser  an a l l o y  c r y s t a l  of l i t h i u m  y t t r i u m -  
y t t e r b i u m  f l u o r i d e  doped  w i t h  holmium may be i n t e r e s t i n g .  LiYF4 
h a s  t h e  t e t r a g o n a l  s c h e e l i t e  c r y s t a l  s t r u c t u r e  a n d  W Y  expect  that 
t h e  a l l o y  c r y e t a l s ,  f o r  the lower Yb c o n c e n t r a t i o n s ,  s h o u l d  h a v e  
t h e  same s t r u c t u r e .  F i g u r e  1 shows t h e  p h a s e  d i a g r a m  f o r  t h e  
LiF-YF4 s y s t e m  C13. 
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F i g u r e  1. The p h a s e  d i a g r a m  f o r  t h e  LiF-YF4 &yEt,em [I]. 
A s  shown i n  t h e  d i a g r a m ,  the compound LiYF4 i s  incc,rlgruerlt , ly 
me l t ing  and  t ransforms t o  l i q u i d  p l u E  YF3  a t  819°C. P h a s e  
d i a g r a m s  f o r  t h e  a l l o y  fiystem w i t h  y t t e r b i u m  h a v e  n o t  b e e n  
d e t e r m i n e d ;  however ,  t h e  p h a s e  d i a g r a m s  f o r  o i h e r  r a r e - e a r t h s  i n  
LiYF4 appear t o  be s i m i l a r  t o  t h e  o n e  i n  F i g .  1. Whi l e  s u c h  
p h a s e  d i a g r a m s  s u g g e s t  t h a t  t h e  g r o w t h  of s i n g l e  c r y s t a l s  may be 
d i f f i c u l t , ,  LiYF4 h a s  b e e n  r o u t i n e l y  grown by b o t h  t h e  Rridgman 
and  C z o c h r a l s k i  me thods  [ 2 , 3  I . 
Our i n i t i a l  atteKlpt6 a t  growing LiYF4 were rclade using 
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same t e c h n i q u e s  t h a t  w e  h a v e  s u c c e s ~ f u l l y  uEed t o  grow a number 
of t h e  f l u o r i d e  p e r o v s k i t e  cornponds s u c h  a s  KMgF3. We s t a r t e d  
w i t h  a s t o i c h i o m e t r i c  m i x t u r e  of L i F  and  YF3 i n  a v i t r e o u s  c a r b o n  
c r u c i b l e .  The s t a r t i n g  m a t e r i a l s  were Johnson-Mathey  Aesar 
o p t i c a l  g r a d e  LiF  c r y s t a l  c u t t i n g s  and  Johnson-Mathey  REacton  YF3 
powder .  T h e  c r u c i b l e  was t h e n  p l a c e d  i n  o u r  Bridgman f u r n a c e ,  
t h e  f u r n a c e  t u b e  wa6 e v a c u a t e d  and  h e a t e d  t o  a b o u t  300OC 
o v e r n i g h t .  After  f i l l i n g  t h e  f iyE tem w i t h  a r g o n ,  t h e  t e m p e r a t u r e  
was r a i s e d  t o  j u s t  a b o v e  t h e  819oC m e l t i n g  p o i n t .  The f u r n a c e  
was t h e n  r a p i d l y  c y c l e d  t h r o u g h  i t s  mot ion  s o  t h a t  t h e  mater ia l  
was f r o z e n  from t h e  b o t t o m .  Then it was r e m e l t e d  and  t h e  f u r n a c e  
s l o w l y  r a i s e d  s o  a s  t o  s l o w l y  c o o l  t h e  c r u c i b l e  f rom t h e  bottom. 
After removal  from t h e  f u r n a c e ,  we found  t h a t  a b o u t  60% of t h e  
material  had been  "blown o u t "  of t h e  c ruc ib le  a n d  t h a t  t h e  
r e m a i n d e r  wa6 a s i n t e r e d  powder .  F l u o r i d e s  s u c h  a s  YF3 a r e  o f t e n  
p r e p a r e d  from t h e  c a r b o n a t e s  and  w e  s u s p e c t  t h a t  r e s i d u a l  
c a r b o n a t e s ,  o x i d e s ,  h y r o x i d e s ,  and  a d s o r b e d  water are  p r o b a b l y  
p r e s e n t  i n  most  c o m m e r c i a l l y  a v a i l a b l e  p o w d e r s .  Our p r e v i o u s  
experience with the fluoride p e r o v s k i t e s  has been that, the beet 
c r y s t a l s  were grown when " c r y s t a l  pieces" o f ,  f u r  e x a m p l e ,  KF a n d  
MgFZ were used  and t h a t  t h e  l o w e s t  q u a l i t y  o c c u r e d  when o n e  o r  
more of t h e  c o n s t i t u e n t s  were powders. 
T h e r e  are  a number of reports d e s c r i b i n g  t h e  p u r i f i c a t i o n  of 
LiYF4 b e f o r e  and d u r i n g  c r y s t a l  g rowth  [ 3 , 4 , 5 3  by  f l o w i n g  HF yac 
o v e r  t h e  m a t e r i a l .  The f l u o r i n e  from t h e  HF replaces t h e  
rep laces  t h e  r e m a i n i n g  c a r b o n a t e s  o r  o x i d e s  a n d  c l e a n 6  u p  t h e  
h y d r o x i d e s .  S i n c e  a n  HF atmoshpere is n o t  c o m p a t i b l e  w i t h  any  of 
o u r  e x i s t i n g  c r y s t a l  g r o w t h  f u r n a c e s  we s e t  up  a s y s t e m  f o r  
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t r e a t i n g  t h e  s t a r t i n g  m a t e r i a l s  p r i o r  t o  t h e  c r y e t a l  g r o w t h  r u n 6 .  
F i g u r e  2 show6 a s c h e m a t i c  d i a g r a m  of o u r  s y s t e m .  
F i g u r e  2 .  The HF p r e t r e a t m e n t  s y s t e m .  
S t o i c h i o m e t e r i c  m i x t u r e s  of t h e  c o n s i t u e n t s  of t h e  d e s i r e d  
compound a r e  p l a c e d  i n  a v i t r e o u s  c a r b o n  b o a t .  The b o a t  i s  t h e n  
p l a c e d  a l o n g  w i t h  a g r a f o i l  c o v e r  i n  t h e  I n c o n e l  f u r n a c e  t u b e .  
After s e a l i n g  t h e  f u r n a c e  t u b e ,  a g e t t e r e d  a r g o n  flow of Z5ml/min 
i s  e s t a b l i s h e d .  The programmed c o n t r o l l e r  raises t h e  f u r n a c e  
t e m p e r a t u r e  u p  t o  t h e  d e s i r e d  t e m p e r a t u r e ;  t h i s  i s  u s u a l l y  a b o u t  
9oooc f o r  LiYF4.  We s t a r t  t h e  flow of HF when t h e  f u r n a c e  
t e m p e r a t u r e  r e a c h e &  750oC. The HF p r e s s u r e  i s  r e g u l a t e d  by 
c o n t r o l l i n g  t h e  t e m p e r a t u r e  of  t h e  water b a t h  s u r r o u n d i n g  t h e  HF 
c y l i n d e r .  HF h a 6  a no rma l  b o i l i n g  p o i n t  of 20°C. The f u r n a c e  i s  
h e l d  a t  t e m p e r a t u r e  f o r  one  t o  two h o u r s  then programmed back t o  
room t e m p e r a t u r e .  The HF f low i c  m a i n t a i n e d  u n t i l  t h e  s y s t e m  ha6 
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c o o l e d  below 800oC; a r g o n  f l o w  i s  c o n t i n u e d  t h r o u g h o u t  the  e n t i r e  
p r o c e s s .  About 24 h o u r 6  a r e  needed  t o  go t h r o u g h  t h e  e n t i r e  
e 
cycle. N o r m a l l y ,  w e  l o a d  t h e  s y s t e m  t h e  n i g h t  b e f o r e  a r u n ,  t h e  
programmable  c o n t r o l l e r  t h e n  r u n s  i t  u p  p a r t  way o v e r  n i g h t .  The 
r e s u l t i n g  material i s  a c lear  p o l y c r y s t a l l i n g  lump.  
The p o l y c r y s t a l l i n e  l u m p  c a n  t h e n  be u s e d  a6 s t a r t i n g  
m a t e r i a l  f o r  e i t h e r  Bridgman o r  C z o c h r a l s k i  c r y s t a l  g r o w t h .  so  
f a r ,  we h a v e  o n l y  c a r r i e d  o u t  Bridgman g r o w t h .  The f i r s t  c r y s t a l  
g r o w t h  runs were made w i t h  HF t r e a t e d  L i Y F 4 .  These  r u n s  y i e l d e d  
v e r y  clear, s i n g l e  c r y s t a l s  w i t h  e s s e n t i a l l y  n o  m a t e r i a l  loss 
d u r i n g  t h e  r u n .  After t h i s  E U C C ~ E G ,  a b a t c h  o f  L i Y 0 , 9 9 Y b 0 . 0 1 ~ 4  
w a s  prepared by t h e  HF p r e t r e a t m e n t  p r o c e s s .  The f i r s t  Bridgman 
r u n  which  was c a r r i e d  o u t  a t  t h e  same temperature as t h e  L iYF4  
r u n s  g a v e  a s i n t e r e d  b o u l e .  A s e c o n d  r u n  was t h e n  c a r r i e d  o u t  
w i t h  t h e  t e m p e r a t u r e  of t h e  Bridgman f u r n a c e  ra ised 30OC.  T h i s  
h i g h e r  t e m p e r a t u r e  r u n  p r o d u c e d  a v e r y  c l e a r ,  s ing le  c rys ta l  of 
t h e  1% a l l o y  compound. E v i d e n t l y  t h e  m e l t i n g  p o i n t  i n c r e a s e s  
w i t h  i n c r e a s i n g  Yb c o n t e n t .  The  c l a r i t y  of t h e s e  c r y s t a l s  i s  
much be t t e r  t h a n  w e  n o r m a l l y  o b t a i n  f o r  the f l u o r i d e  p e r o v E k i t e s .  
They  show e s E e n t i a l l y  no  G c a t t e r i n g  of a H e N e  l a se r  team t o  the 
naked  e y e  w h e r e a s  KMeF3 always shows some v i s i b l e  s c a t t e r i n g .  
We h a v e  d e m o n s t r a t e d  t h a t  t h e  LiY(l-x)Yb,F4 a l l o y  c r y s t a l  
are  g r o w a b l e .  The n e x t  s tep i s  t o  prepare a batch o f  c r y s t a l s  
of v a r y i n g  Yb c o n t e n t  f o r  o p t i c a l  t e s t s .  Once t h e y  h a v e  b e e n  
p r e p a r e d  w e  w i l l  s t a r t  making doped c r y s t a l s .  We a l s o  need  t o  
d e t e r m i n e  t h e  a c t u a l  YL c o n t e n t ,  of t h e  c r y s t a l s .  
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F i g w e  12. Temperature dependence of t h e  Cr-Yb energy t r a n s f e r  r a t e .  
